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BITUMINOUS SANDS OF NORTHERN ALBERTA 


INTRODUCTORY 


The “Preliminary Report on the Bituminous Sands of Northern 
Alberta,” No. 281, was issued by the Department of Mines in 1914. This 
report was based on observations made in 1913, during a period of eight 
weeks’ field work. The edition was exhausted some years ago. Subse- 
quent and more detailed field work has adduced much additional inform- 
ation regarding the Alberta deposits. It has not, however, necessitated 
any change in the views expressed or conclusions arrived at in the original 
report. 

Work undertaken by the Mines Branch, Department of Mines, has 
included topographic surveys of extensive areas, examination and sampling 
of the principal outcrops, the mining of trial shipments, laying of demon- 
stration pavements, and a study of methods adapted to the recovery of 
bitumen from the crude bituminous sand. 


GENERAL DESCRIPTION OF AREA UNDERLAID BY BITUM- 
INOUS SAND 


The Athabaska and Clearwater valleys constitute the chief topo- 
graphical features of this area. The principal tributary streams include 
Christina, Hangingstone and Horse rivers, Poplar creek, Steepbank, 
Beaver, Muskeg, McKay, Ells (formerly Moose), and Tar rivers, Wolf 
creek, Calumet and Firebag rivers. Along each of these streams, valley 
walls are abrupt and the zones in which drainage is effective are as a rule 
limited in extent. Throughout these narrow zones there is in most places 
a fair growth of poplar, jack pine or spruce, although a considerable per- 
centage of such growth has been destroyed by fire, and large areas at a 
distance from the principal valleys are now almost covered by dense 
second growth poplar and jack pine. 


On leaving the valleys, elevations gradually increase. Toward the 
east, large areas of country are covered by sand. In passing westward, 
the sand gradually disappears and clay soil becomes predominant. 


In the following table an attempt has been made to classify, provision- 
ally, the soil and forest growth. This classification is based on notes made 
on some 3,000 miles of traverse lines. In many instances it has been 
difficult to differentiate poplar, spruce and jack pine areas, since this 
growth is frequently intermixed. Spruce is usually found on bottom lands, 
along the smaller valleys and in certain swamps. Owing to the irregular 
nature of such areas, it has been difficult to estimate definitely the total 
acreage of this growth. 

Although the total acreage of merchantable timber constitutes a con- 
siderable area, stands of poplar, spruce and jack pine are, as a rule, 
scattered and, individually, of limited extent. A somewhat extensive 
area of jack pine in townships 96 and 97, ranges 10 and 11, east of the 
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Athabaska river, constitutes a notable exception. It is also unfortunate 
that many areas of clay soil are marked by the presence of numerous 
irregular muskegs and swamps. | 


Character of Forest Growth Character of Soil 
Muskeg 
wae slough Jack |Second| Clay | Sandy | River | Water 
and | Poplar| Spruce| pine | growth] soil soil | bottom] area 
swamp (brule) lands 
p.c p.c p.c p.c p.c. p.c p.c p.c p.c 

Tp Range 
— 35-2 6-7 B25, | eehe. oat 44-7 40-0 60-0 10-3 2-5 
9 30-2 11-5 uf Rye Rea 37-5 89-9 10-1 1 tee 0-8 
10 31-0 17-7 1g Fe ie Benet es oy 39-5 95-0 5-01 ala eee 5-0 
89— S§. 2/38 40-7 15-9 11-1 6-9 24-4 19-5 80-5 1-0 0-2 
9 19-0 36-3 1 a RD Bee 27-6 84-2 15-5 4-0 10-4 
10 38-5 2123 jE te aca, ere 28-6 67-5 32-5 0-3 2-5 
90— 9 37°4 20-8 13°57). 20 17-9 25-8 74-2 10-4 7-2 
10 22-2 88-1 Re © PO 22-4 80-0 20 QO. ds oiccethntaed bemeronstins ous 
91— 9 48-4 12-2 ELE ay Megion toi 19-8 30-0 70-0 6-4 7:7 
10 38-9 10:6 2136 Ly, Se 28-9 60-0 40-1051! OSL ETE res 
92— 9 48-7 13-7 7-9 7:8 19-9 20-0 80-0 2-0 5-4 
10 52-0 13-9 15 ig ees eee 17-4 20-0 80-0 1-0 4-9 
E. 1/8, 11 49-9 16-9 13-O-ye.c 20-2 40-0 60-0 122 eee 
93— 9 59-6 5-6 CH A POR ter 40-5 19-3 80-7 4. sche eee 
10 47-8 9-9 0-8 13-7 15-8 19-7 80-3 11-3 10-1 
E. 1/8, 11 28-0 12-1 0-7 24-7 BT Tm tepals Bye 100:0 4... gee 1-0 
84— 9 57-0 9-3 I 22d oat aren 20-9 20-0 80°07]. Seeee 2-7 
10 41-9 19-4 TPO So. Sede 23-0 30-0 70-0 0:2 4-2 
95— 10 55-5 5-1 G05 tamer SO Raia eee 100-0 4-2 1-8 
Al 47-6 11-7 10-1 0-3 28-5 16-0 84-0 1:8 7:6 
96— 10 34-9 6-9 3-2 2-9 32-2 0-9 99-1-}. 5 aes 0-1 
11 48-0 15-2 16-3 10-4 18-4 2°8 97-2 0-6 8-8 
97— 10 27-9 Ne Ores A 12-6 53-6 1-0 99-0 0-2 2-2 
11 42-6 16-7 3:3 16:4 20-4 1-0 99-0 0-6 6-1 
98— 9 Seay. eee lone 2-2 0408 Oran 100° C71 eee 11-1 
10 31-2 3°9 0-4 8-4 bie) took a Sa 100-0 0:7 8-2 
11 48-6 irr eS awe 2. 2-4 48-6 2°8 972 35) ast some ott ah 
99— se an abel ey Pborhay YI ean) Hagen tp She 0-4 Lae ae pope. 100-0 0-1 0:3 
9 36-9 S25 RUS 8-6 AG CPUS 100-0 1-3 4-6 
10 44.0 Gil its. iene O42: Abi ehO hsivs «oe bee 100-0 2-3 6°3 
100— 8 11-2 1-5 0-8 0-8 82-6 0:4 09°60) Sota 1-5 
9 16-4 8-9 8-0 8-5 36-6 5-0 95-0 21-6 8-8 
10 61-2 6:5 tenis Se 15-5 16:8 1-5 98; 5 sce} Jeet 


GENERAL DESCRIPTION OF DEPOSIT 


Extent of Deposit.—It is at present impossible to attempt an accurate 
estimate of the area underlain by bituminous sand. ‘The writer has 
examined upwards of 270 individual outcrops, all of which represent 
parts of an almost continuous deposit. These outcrops occur at intervals 
along the Athabaska river and its principal tributaries, for a total distance 
of more than 220 miles. On the Athabaska river, the most northerly 
exposure of apparent commercial importance occurs in sec. 16, tp. 98, 
range 10. Other minor exposures are, however, seen along the Athabaska 
as far as the northern boundary of township 105. The direct distance in a 
north and south direction through which outcrops have been noted is 
approximately 115 miles, and that from east to west approximately 45 
miles. Extensions of the deposit under heavy overburden, particularly 
toward the south, will materially increase the above estimate. Having 
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due regard to methods at present practicable for mining bituminous sand, 
and considering other controlling factors such as variation in quality, the 
area actually available for commercial development at present, probably 
does not exceed one per cent of the above estimate. In addition to the 
occurrences indicated other exposures of bituminous sand have been 
found at points many miles to the east and west, notably on the Wa- 
biskaw river, on the headwaters of Tar river, on Muskeg river, on Buck- 
ton creek, and on Firebag river, Alberta; and on Buffalo lake, Saskat- 
chewan. Certain of these exposures have been examined by the writer; 
but if commercial development of the various outcrops in the McMurray 
district is found to be impracticable, it is evident that deposits in the 
outlying areas noted above cannot be considered as of present economic 
importance. 


In view of the above it will be seen that, in considering possible com- 
mercial development of bituminous sand areas, the thickness of over- 
burden and the ground available for the disposal thereof, freedom from 
impure partings, uniformity and degree of enrichment, and conditions 
affecting transportation, may be recognized as among the principal con- 
trolling physical factors. Other factors, such as fuel supply, labour, etc., 


will not be discussed here. 


Variation in Character of Material.—In many cases it has been possible 
to eliminate definitely certain parts of the area from further consideration, 
as regards their economic importance; but for reasons noted elsewhere, it 
is not at present an easy matter to designate definitely those areas that 
may prove of greatest commercial value. Mere measurements of what 
are in many cases imperfectly exposed vertical sections cannot convey 
much information. At different points, wide variation occurs in the 
quality of the material, the thickness and character of the overburden, 
and in those topographical and geographical conditions which must, to a 
large extent, control possible future’ development. Indeed, only after 
detailed exploration by means of adequate equipment can the true value 
of any area be definitely determined. 


Variation in Grading of Mineral Aggregate.—For certain purposes too 
much importance cannot be attached to the desirability of securing a 
product of uniform grade. It would seem that, apart from considerations 
of transportation, this feature probably more than any other has, in the 
past, discouraged the development of many deposits of bituminous sand 
in the United States. In a body of siliceous sand of such wide areal extent 
as that under consideration, wide variation in the grade and purity of the 
mineral aggregate must be expected and does exist. However, this is 
true even within very narrow limits in the McMurray district. In a 
number of cases where the original grading of the mineral aggregate is 
not satisfactory, a desired grading may be obtained by a combination of 
the bituminous sand from two, or even three outcrops. To effect such a 
combination commercially does not imply undue difficulty. 


. Variation in Bituminous Content.—To some extent, the degree of 
impregnation has depended on the grading of the sand. The medium- 
grained and moderately compact deposit is as a rule the richest, whereas 
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the finest aggregates have apparently retarded complete saturation. Thus 
the percentage of associated bitumen varies widely in all exposed sections 
examined. 


Impure Partings.—Throughout the majority of the exposed sections 
examined, impure partings occur to some extent. In the majority of 
instances these partings, being impervious, act as sills along which the bitu- 
men from overlying sands is concentrated. 


Having in view considerations such as the above, the desirability of 
securing accurate samples by the systematic boring of any area selected 
for commercial development becomes obvious. 


To some extent, the percentage of contained bitumen, and the pre- 
valence of impure partings, may be recognized in the appearance of an 
exposed section. Beds of high-grade, homogeneous, bituminous sand are 
usually marked by a typical conchoidal cleavage roughly parallel to the 
face. Such cleavage or flaking off is especially noticeable where heavy 
overburden has set up transverse pressure. Where the percentage of 
contained bitumen is low, the cleavage becomes more angular. 


In the study of petroleum fields, an appreciation of the probable 
genesis of petroleum is obviously of practical importance. No less import- 
ant is a study of conditions that have resulted in the formation of the 
Alberta deposits of bituminous sands, and of the origin of the associated 
bitumen. This feature will be more fully discussed in a complete report 
now in course of preparation. 


For many years, the occurence of so called “‘tar springs” or seepages 
of bitumen has been recognized throughout the area under discussion. 
The writer is familiar with upwards of 40 such springs, but in no instance 
are they in themselves of commercial value as a source of bitumen. They 
have, at times, been regarded erroreously as a definite indication of the 
presence of petroleum pools. Instead of coming from below, however, 
the bitumen merely seeps laterally from slightly inclined beds of particularly 
rich, coarse-grained sand. An underlying impervious clay parting, together 
with a small local depression, makes possible the formation of a small 
pool of bitumen. 


It is noticeable that in general, the lower portions of the deposit consist 
of unstratified sands, and prior to impregnation, these sands were apparently 
uncompacted. Consequently, these lower portions are usually of a fairly 
homogeneous character. In passing upward, however, narrow bands of 
sandstone, clay, lignite, and quartzite are found interbedded. These 
unimpregnated strata gradually increase in number until they may in 
places almost entirely replace the bituminous sand. 


Thickness and Character of Overburden.—In the Athabaska valley and 
along the principal tributary streams, areas may be subdivided into two 
general groups. (Plates II and III.) 


PLATE II. 


Outcrop bituminous sand on Athabaska river (See. 2, Tp. 89, R. 10) 


IP AmHee eine 


Outcrop bituminous sand on Athabaska river (Sec. 24, Tp. 95, R711) 
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(i) Low lying areas represented by outcrops that rise to a height of 
5 to 30 feet, immediately along the present stream channel. These 
outcrops represent such small residual areas of bituminous sand as still 
remain in the original valley bottom, and have a comparatively light 
overburden. (Plate IV.) 

(ii) Exposures where streams have impinged against the sides of the 
main valley. Such exposures, in general, show a thick section of bitumin- 
ous sand, and also a heavy overburden. ‘Topographical maps, in prepar- 
ation illustrate those areas where overburden is either very heavy or 
comparatively light. Such maps, however, must eventually be supple- 
mented by systematic core-drilling. 

As might be expected in a country covered by a heavy mantle of clay, 
in which streams are deeply entrenched, slips in the bank constitute a 
notable feature. Individual slides at times bring down many thousands 
of tons of clay and soil. 


In passing northward, elevations and consequently depths of over- 
burden throughout the zone drained by the Athabaska river gradually 
decrease. 

Sections of many of the more important outcrops have been measured. 
In doing this an attempt was made to determine the thickness of bituminous 
sand of commercial grade, the thickness of what may be referred to as low 
grade material, and of which probably the greater part must be classed as 
overburden, and finally the probable thickness and character of surface 
drift and other overburden. In many instances earth slides, the encroach- ° 
ment of the timber line along the upper part of an exposure, and a talus 
piles along its foot, have partly obscured the outcrop. In such cases, the 
securing of accurate measurements would have necessitated extensive 
excavation work, and approximations were therefore made. For similar 
reasons it was found somewhat difficult to accurately indicate the length 
of many of the outcrops. Such data, even if available, would frequently 
have little significance, since the numerous outcrops merely represent 
small portions of a continuous deposit. It is quite possible that certain 
parts of the deposit, which are at present partly or wholly obscured by 
timber or drift, may, on examination, prove to be more advantageously 
situated for development purposes than are many of the sections that hap- 
pen to be so well exposed at present. 


A brief reference to the geological section along the Athabaska river 
will furnish some indication of the general character of the overburden. 
Between Athabaska and the Cascade rapids, La Biche shales, Pelican 
sandstones and shales, Grand Rapids sandstones and Clearwater shales 
are, at various points, well exposed; but northward and eastward from 
the Cascades rapids, the Clearwater series and surface drift appear to 
constitute the entire overburden above the bituminous sand. Thus, in 
undertaking stripping operations, the class of material to be excavated 
should present no serious difficulty, since shales and soft sandstones, with 
occasional thin bedded quartzites, apparently represent the bulk of the 
strata to beremoved. The surface drift consists chiefly of boulder clays 
and sand. Other conditions being equal, areas lying within triangles at 
the junction of two streams present decided advantages from the stand- 
point of the removal and disposal of overburden. 
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PROSPECTING 


The method adopted in prospecting any bituminous sand area will 
depend on the thickness and character of the material overlying the 
bituminous sand, and on the accessibility of the area by water or pack trail 
transportation. "Where the thickness of overburden does not exceed 30 
feet, test pits may be sunk to the bituminous sand, and core samples then 
secured by means of asphalt augers. Where the ‘overburden exceeds 30 
feet in thickness, core drilling by means of light power drills will be found 
more efficient. Trenching above outcropping bituminous sand rarely 
gives satisfactory information of the thickness and character of the over- 
burden. 


In preparing final estimates of the quantities of overburden and of 
bituminous sand, accurate detailed mapping is essential. In the type of 
ground under consideration, the writer has found that maps showing 
contours drawn at intervals of five feet and plotted to a scale of one inch 
equal to 200 feet, are satisfactory. 


Conditions met with in the Horse River reserve (secs. 5 and 8, tp. 89, 
range 9, W. of the 4th mer.) may be considered as characteristic of a large 
area lying south of township 96. As an indication of the importance 
attached to the removal and disposal of overburden, it may be stated that, 
on the Horse River reserve, the estimated overburden amounted to approxi- 
mately 3,180,000 cubic yards. The removal of this overburden would 
make available approximately 3,360,000 tons of bituminous sand. 


SAMPLING AND LABORATORY DETERMINATIONS* 


As already noted, the percentage content of bitumen varies widely, 
but analyses included in the following table are considered as representative 
of a large number of areas. Other analyses, not quoted, have shown a 
bitumen content of from 20 to 25 per cent, but these are not considered as 
representative of any large tonnage. Nearly all samples were secured by 
core drilling of outcrops. 


*All analyses and determinations by the writer. 
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Abridged Analyses of Samples of Bituminous Sand from the McMurray District 


Per cent 
Passing Mesh con- 
Test Source | tained 


No. 200} 100} 80 } 50 | 40 | 30) 20 | 10 | bitumen 
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. The physical characteristics of a representative sample of the bitumin- 
ous sand, and of the bitumen itself, may be briefly summarized thus:— 


Crude bituminous sand—* 


BOOGIE OTAVILY, 20 oy Zo Wcaee Maa dea bes Cech bens cee Re uea se daes 1-75 
eR ee ra Ee Mea) on ee ORE IN Or A ah acansce an 1-3% 
NSPE SOLULO IY Corset roc eos ca ioc score ele cca cecscnevecceecnrecees 18-5% 
PAIN eee i ee ee RR ak Oe) BR, a eR, eR eee Cae 80-2 


CHARACTERISTICS OF SAND 


The sand consists, for the most part, of clear quartz grains. In form 
the grains are most irregular, varying from sharply angular to oval, water- 
worn shapes. Judging from the grading of the sand, the bulk of which 
ranges from 40 to 80 mesh, the greater part may be considered as origin- 
ating as shore deposits. 


*The table on page 15 indicates the tonnage of bituminous sand for various areas and thicknesses, 
Specific gravity of bituminous sand taken as 1-75. Short tons of 2,000 pounds. 
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The following is an analysis of sand 
from six representative outcrops :— 


combined from samples taken 


Per cent 

BS e eee Rie eS Be leg the ale ad beh te WORaIS a) cgi lado son hon Aik Re Sea 95-50 
A Toba tec tare oc Beene eae cla NR Cate Boe Otic re ener ca 5 ie “olece ene or ere aleie) seatabe satan ete een ater 2-25 
02.) 0 ee I AE nS I REAL: I Oe AO RE VAT nr eid hye kt io 0-50 
aCe Ube eeets oe Seep o rsies a eee EES Aes Se cna areca wats a loogeneael cis kaya eperen eran temcany oeenare es 0-35 
MOC). Rs chet elk Bob duck lacie & afede atc hao Bvraceine aa wis spslacain m pit ate) cin arate 0-23 
Less loss ‘On Fenton i. 33.2 ce ss sae aa ho Cin ow was ale ainia s aateta act © nieiabe sas eines 1-50 

Totals. chon. Gran. tegke cbckeh token a das pteleie © oe Ce eee pete noe 100-33 

CHARACTERISTICS OF SEPARATED BITUMEN ** 

Spocific gravity, 25. O/25 (Ce to aa eee eee ee eet 1-018 
Fixed: carbon.i5i4 Seee, cook ok Gods pace eee eee Seer eee 7-23% 
relt1 G3) 2016 eee SCA a Ee MR tee i IR ae LA nS aint, Dae aul HP wel Boren he oh 4-85% 
Bitumen soluble. 1076" tapniha.ce ce chee eee cee ee ee eee 82:8 % 
Bitumen solublé in'S8t napntiay fo e. eee eeeeee 78:2 % 
Carbenes ins prea. nog pretense ieee eeee re ee pe ue Raia Se Shir trace 
Ash *** 2) gst oe A, DRS ae ee eens eee trace 
Saturated compounds in 88° naphtha solution.............ccccecececes 39-6 G 
Unsaturated compounds in 88° naphtha solution..............eeeee00: 60-4 % 
Stickiness: 44. 6.352 4 PS Be ae oe. Cee ee eee 4,881-0 % 
Penetration at LIB a fo, ths. Wiens otns sie ee ee nee ee too soft 
Penetration at 77° F.— 

(100 grameoO'SeC.) wa. betes be rae be ee ee a eh ee ne te eee too soft 

(100 grams. 18662) caeitig 214 aust the es ae ee aes aes Seiten eis 9-0mm. 
Penetration at 32° F.— 

(100-grams, 5 sec.) Se 726 ob dds Bee tse ks nie ease msreoenae en apm 25mm. 
Dirctility, ati Fs 0 ake ee A tole deeeeot ase ocean een 100 cm.+ 
Volatile 160° C.—5 hours (Using New York testing oven)............ 11-2 % 
Volatile 205° C.—5 hours (Using New York testing oven)........... 14-2 % 
Volatile 250° C.—4 hours (Using New York testing oven)............. 18-8 % 


CHARACTERISTICS OF RESIDUAL BITUMEN AFTER HEATING 


165° C 205° C. 250° C. 

5 hours 5 hours 4 hours 
DpeCiie gravity; 2p. Ges Gere se ee ek cakes 1-021 10:77 % 1-028 
Fixed; carbon sh wi VEL Oe 8-99% none 12-33% 
Opi Us Ui eas ee Re I ee ee ee none trace none 
CarBenes tors cae Oe Ones cre Ee ree ae trace 114° F. trace 
Fusing tempera tire 7a ea i ee ee 106° F too soft 125° F. 
Penetration artis ese. coee oe eee too soft 1-025 too soft 
Penetration at 77° F.— 

C100 STATIS ) Oo SOG. s-.2 oc a atautien hares ene 26-2mm. 12-2mm. 5-8 mm. 
Penetration at 32° F.— 

(200 erainel minute)... ..crewe ates 10-5 mm. 5-3 mm 2-4mm. 
Ductility ath Pw Bsc. ae cei a ee ee 100em.+ 100cm.+ 34-5 cm. 
Duetility at. 70 FE... Vents a tae 100 em.+ 99cem.+ 45-0cm. 
‘Lense strength at L1G" Ws... ces seg ose tte es ant tee a ee 0-3 Kgs 
Tensile strength ati7 uF L200). Ri. eee. Peet... 2. Ae 1-5 Kgs 
Lensile streng tl tt cas Ba fico ee shut ct ate ahs ee ee a 25-5 Kgs 


**A]] extractions by use of CSe. 
***F ine mineral matter not removed by extraction. 
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TONNAGE OF BITUMINOUS SANDS FOR VARIOUS AREAS AND 


THICKNESSES 

Tons on | Tonson | Tonson | Tonson | Tons on 

Thickness in feet 1 acre 2 acres 3 acres 4 acres 5 acres 
etude be arthale athena oeyteeate siping aacwes 2,380 4,800 7,100 9,500 11,900 
TSA uf pitt as nae Sali Aaah UR ates eh ee 11, 900 23,800 35, 800 47,700 59, 600 
LO) oe as ea gee aaron ren crest chopereaberalvts wotelete as 23, 800 47,700 71,600 95, 40 119, 200 
Lente ee ch cse as oro hs ie 0 wince wouter 35, 800 71,600 107,300 143,100 178, 905 
AD iy cot SS, 8 Pe eile RR Te RR a ek tL 47,700 95,400 143, 100 190, 800 238,500 
PA ec. as ta btin SBA int gh OPEN ell Mie EP ae GONE na A 59, 60 119,300 178, 900 238 , 500 298, 200 
BUD co gia Bei ae te i i latin ee = ean ae 71,600 143,100 | 214,600 | 286,200 357, 700 
Se Aa ech Choe eet hoe ao des chose ee be Pent. OE 83, 500 166,900 | 250,400 | 333,900 417, 400 
ANE oe cite e ted D « «, aE MCAT SRE he hes. Cat EN 95,400 190,800 | 286,200 | 381,600 477 , 000 
PE) NCE Hee OR Te cow oi a, cas sMeaoascncs MIE ne As 107,300 214,600 | 321,900 | 429,300 536, 600 
OS eae Pere ae o Tee Clon eee ee enee 119,200 | 238,500 | 357,700 | 477,000 596, 300 


FUEL AND POWER IN THE McMURRAY DISTRICT 


Four possible sources of fuel supply may be briefly referred to:— 


(a) Seams of Lignite Coal_—The writer has sampled a number of 
seams of lignite coal on Athabaska, McKay and Christina rivers. Analyses 
of these samples appear to indicate that, although in places the coal is 
of good quality, in general the seams occur as local lenses associated with 
the bituminous sand, and that they are of very doubtful commercial value. 


(b) Natural Gas.—Gas sands have a wide distribution in northern 
Alberta. At present the producing wells nearest to McMurray are those 
at Lower Pelican. These wells have an estimated capacity of about 750,000 
cubic feet per 24 hours, and are distant from McMurray approximately 
90 miles in a direct line. At the mouth of Little Buffalo river, 50 miles 
from McMurray in a direct line, there is a strong seepage of natural gas. 
No development work has been attempted at this point, nor is anything 
known regarding the character of the gas itself. The writer considers that 
intelligent prospecting for natural gas, at points a few miles south of 
McMurray, would have a reasonable chance of meeting with success. A 
well sunk some years ago by A. von Hammerstein, near Tar island (sec. 18, 
tp. 92, range 9, W. of the 4th mer.), approximately 20 miles north of 
McMurray, gave a small flow of gas. More recently (1916) some gas was 
struck at a depth of 323 feet in a well drilled in tp. 87, range 7, W. of the 
4th mer., and a small flow was also met with at a depth of 1,145 feet in a 
well located in sec. 26, tp. 83, range 6, W. of the 4th mer. 


(c) Lignite Coal (from points outside the McMurray district ).—Coal 
produced in the Edmonton district has an average heating value of about 
9,000 B.Th.U. The rail haul to McMurray would be approximately 300 
miles. 


(d) Crude Bituminous Sand.—The writer has submitted the question 
of burning crude bituminous sand under boilers, to a number of makers of 
mechanical stokers. Reports on the material, although not conclusive, 
appear to indicate that the successful utilization of such a material in this 
manner is extremely doubtful. The use of gas producers has been sug- 
gested. One pound of 14 per cent bituminous sand contains 2,240 B.Th.U. 
of potential heat. 
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(e) Potential Water Powers Tributary to McMurray.—Information 
relative to water powers at Grand rapids on the Athabaska river, and 
at Whitemud rapids, Aux Pins rapids, and Cascade rapids on the Clear- 
water river, has been secured by the Water Powers Branch of the Depart- 
ment of Interior, Ottawa. From data available, it appears that conditions 
for power development at these points cannot be considered as favourable 
at present. 


TRANSPORTATION 


A standard gauge railway, known as the Alberta and Great Water- 
ways, has been constructed from Edmonton to Waterways, Alberta, at the 
head of navigation on the Athabaska-MacKenzie system, a distance of 
approximately 290 miles. The grade has been completed six miles farther, 
to McMurray settlement. 


As yet no steps have been taken to provide adequate transportation 
between McMurray and certain promising areas in townships 94, 95, 96 
and 97. The logical location of a railway northward from McMurray, 
appears to be along the river bottom lands to the west of the Athabaska 
river. Apart from the river crossing near McMurray, no serious engineering 
difficulties would be encountered. Such an extension of the Alberta and 
Great Waterways railway would serve the Beaver river, McKay river, 
and Ells River areas. Connection with certain promising areas lying to 
the east of the Athabaska—as on Steepbank river, and in townships 95, 
96 and 97—could doubtless be arranged. 


The Athabaska river, between McMurray and Fort McKay, affords 
a minimum draft of 2 feet 6 inches during at least four months of the year. 
It is believed that during the period of open navigation, specially designed 
towing boats and scows could be operated at a reasonable cost. 


WEATHER CONDITIONS IN THE McMURRAY DISTRICT 


The climate in the McMurray district during the spring, summer, and 
autumn, is not unlike that of central Alberta. Winter weather is dry and 
healthful and very similar to that which prevails in the Cobalt and Porcu- 
pine mining districts of northern Ontario. The snowfall is light. 


Reliable meteorological records have been kept at McMurray since 
1916. ‘These include daily readings of maximum and minimum temper- 
atures for morning and afternoon, and also precipitation throughout the 
year. 


The following table has been compiled from records, furnished by Mr. 
Cyril Potts, J.P., Crown Lands Agent and Meteorologist, McMurray, 
Alberta :— 
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Meteorological Record of the McMurray District, Alberta, 1916-19 


— 1916 1917 1918 1919 
Mean maximum temperature— 
MRTUALY oc tetas are nots aes RNDR SCE. La HERERO OTe ein ACtRaTTeT: —14-1 — 3:1 — 2-2 19-6 
PODEDOLY te reas fees sees PER ODA rt POR 18-2 Br, & 9-9 
ee EP ee rote ae oe og Oe RMT ee To ee eo, ee 20-6 Doi she oS Ad 20-7 
Df a okies SRY Celia, agreed ie an Rael A tances “ry eral 44-4 ia Een Beeps 34-9 
PUYOL OR Seas Sooee, eRe eS Pe memati epee. 28-4 CoO FE Bie 17-7 
i ecember!. 9s: : LIL Beer. 250)... ceri, 9-5 —10:7 17:8 6-8 
Mean minimum temperature— 
IE COR ceas Fe la we Sik Ties WEA LEO coils thn eas eRe —31-7 —24-1 —23-9 —5-5 
DIGPEDAL Yl ek Mra. ae SU et oe eed Shes —12-6 —24-4 —21-1 —16-8 
DUARTE de borg . Fury Feas tania « Pack de eyed dedin heise 037 ood Aa ak — 9-1 — 1-1 — 1-7 —12-0 
ere o Gneett rate taiels Adee vin nhee wee 5 26-5 hah ecg Mia Bld 12-4 
Pe ern cae te ie ain ed Ck ci oh ees 18-1 Toy aa — 1-8 
Discerieerkh. cde IS So ees Le. at Psi —11-3 —31-8 — 6-2 —15-4 


COMMERCIAL APPLICATION OF BITUMINOUS SAND 
PAVING CONSTRUCTION 


Following a preliminary examination of the deposits of bituminous 
sand undertaken in 19138, the writer suggested that a section of experi- 
mental pavement be laid. It was felt that such a pavement would illustrate 
in a practical manner, the value of the Alberta deposit as a possible source 
of paving material. During 1914, a quantity of the bituminous sand was 
shipped to Edmonton, and laid as a pavement. This pavement comprised 
sections of three types of surfacing, viz., sheet asphalt, bitulithic and 
bituminous concrete, and was opened to traffic on August 26, 1915. In 
October, 1923, the pavement was still in first-class condition, and had 
required no repairs. 


As a site for this pavement, a section of Kinnaird street immediately 
south of Alberta avenue was selected. The traffic along this part of 
Kinnaird street may be classed as heavy, and the pavement has, therefore, 
been given a fairly severe test, for in addition to a large amount of auto- 
mobile travel, traffic includes vehicles that carry loads up to eight and ten 
tons. 


The principal arguments advanced against the use of crude bituminous 
sands as a paving material are:— 


(a) Unbalanced mineral aggregate. 

(b) Lack of uniformity. 

(c) Freight charges. 

In the past, consideration of the merits of bituminous sand has been 
based largely on the assumption that mixes in which it may be incorporated 
must conform to present recognized standard paving specifications. In 


the opinion of the writer, an attempt should be made rather to design a 
mix in which the admittedly valuable inherent merits of the material 
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will be utilized to the greatest advantage. At present it is not definitely 
known whether a large tonnage of uniformly graded bituminous sand is 
available, but in the writer’s opinion, areas may be found where such 
conditions exist. 


Until a decision is reached regarding freight rates on bituminous sand 
from Waterways to Edmonton and other distribution centres, it will be 
impossible to indicate definitely the radius within which competition with 
imported oil asphalt will be possible. The following estimate based on 
present (1924) costs of materials in Edmonton, Alberta, furnishes a general 
comparison between bituminous sand mixes and mixes in which clean sand, 
crushed gravel and imported bitumen (oil asphalt) are used. The 
estimated value of bituminous sand is deduced by subtracting the total 
value of other ingredients from the cost of one ton of mixture, consisting of 
imported oil asphalt, combined with local sand and crushed rock. 


Tabulation of the Costs of Material for Bituminous Mixture. Based on 1924 
prices delivered at the Plant. 


SAND AND ROCK MIXTURES WITH IMPORTED ASPHALT 


Filler Total 
Clean | Portland | Crushed | Asphaltic| cost of 
— Bitum- sand cement gravel cement | material 
inous at $1.44 at $20 at $2.40 at $30 |per ton of 
sand per ton per ton per ton per ton | mixture 
Sheet.asphalt. i a:nw. ss ue eee aes nee te 82 p.c. De. hae 1) p.Caa lene eee 
$1 18 $1 40 $3 30 $5 88 
Bituminous concrete: nae. see lee ee ee 46 p.c. 4 p.c 42 p.c. Sips. Set Vereen ee 
$0 66 $0 80 $1 01 $2 40 $4 87 
itnlitiiGas eke Fs son bcs eee ew ek ae 32 p.c. 4 p.e 56 p.e 8 p.e 
$0 46 $0 80 $1 34 $2 40 $5 00 


Sheet asphahty se. f003 4 Ea 79 p.c. 13°S pw. d) Fe p.eEil Sus. Vie eee a ee 
$5 37 $0 20 $1 44 $5 88 
$4 24 

Bituminous concrete............. 58 p.c. pe. Wh. Foe eee OS DOs |e Oe ee eee ee eee 
$6 73 $0063 ba tear $0, 91" ii a3 22 eee $4 87 
$3 90 

BUTI. eee os Stele a eae eee 52°5 p.c. | 1:9 p.c. | 1:9 p.c> | 43°8'p.G. f.. 2. cee le oe 
. 74 $0 03 $0 38 $1 05 $5 00 
3 54 


In certain parts of the United States, bituminous sands and sand- 
stones and bituminous limestones have been used to some extent as a 
surfacing material for city streets and country highways. 


California.—During the interval between 1890 and 1916, the City 
Street Improvement Company operated a bituminous sand quarry near 
Godola, California, (Plate V),the material being used to some extent in the 
surfacing of highways and city streets. Until 1910 operations by the 
company had been marked by many failures, due to faulty methods in 
the manipulation of the bituminous sand. In 1910, Mr. J. R. Price took 
charge of paving operations for the company and, by introducing new 
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methods, was entirely successful in demonstrating the merits of the bitumin- 
ous sand. This statement is borne out by letters from Walter N. Frickstad, 
Superintendent of Streets, Oakland, Cal.; M. M. O’Shaughnessy, City 
Engineer, San Francisco, Cal.; Eldon A. Garland, City Engineer, Santa 
Barbara, Cal.; and is confirmed by the writer’s own observation. 


In 1913, in competition with oil asphalt (residuum) at $9 per ton, the 
product from the above quarry was shipped by rail to many points in 
California, the maximum rail haul being about 200 miles. Where contract 
specifications permitted the optional use of bituminous sand or of oil 
eet mixes the City Street Improvement Company used bituminous 
sand. 

At a number of points in northern Alberta, bituminous sand may be 
quarried under more favourable conditions than those that prevail at 
Godola. 


Oklahoma and Texas.—During the past thirty years, James 8. Down- 
ard and his associates have constructed upwards of 100 miles of wearing 
surface in which bituminous sand, bituminous limestone or a mixture of 
the two has been used successfully. In competition with $20 oil asphalt, 
the maximum rail haul has exceeded 400 miles. 

Since 1911, the Uvalde Rock Asphalt Company, of San Antonio, 
Texas, has constructed several hundreds of miles of wearing surface on 
streets and highways, in which a 12 per cent bituminous limestone has been 
used. It is stated on reliable authority that the use of this material has 
proved entirely satisfactory. Annual construction during recent years 
has exceeded 1,000,000 square yards of wearing surface. 


Kentucky.—The largest company handling bituminous sand at present 
is the Kentucky Rock Asphalt Company, operating quarries at Kyrock, Ky. 
(Plate VI). The thickness of the beds worked varies from 15 to 52 feet, with 
an average thickness of 25 to 30 feet. The thickness of overburden ranges 
from 10 to 45 feet, and consists of solid sandstone overlain by 2 to 3 feet 
of clay. The overburden is blasted down, steam-shovelled, and train- 
hauled to waste piles. The bituminous sand has an average content of 7 
per cent bitumen, and after blasting, is train-hauled to the crushing plant. 
The present (1924) capacity of the plant is approximately 1,200 tons per 
day. Apart from the crushing plant, other equipment in use comprises 
ten steam shovels, five cranes, five derricks, twelve locomotives, and ninety 
dump cars, the whole representing an investment of upwards of $2,000,000. 
During 19238, contractors using Kentucky bituminous sand and operating 
in twenty-six states, laid a total of about two and one-half million yards 
of pavement. 


All bituminous sand shipped by this company is accurately checked by 
analyses, and the quality of the product is carefully controlled. 

A primary object in developing Alberta bituminous sand is to secure 
a low-priced material suitable for the surfacing of country roads in the 
provinces of Manitoba, Saskatchewan, and Alberta. An important factor 
in connection with such construction is the difficulty frequently met of 
securing local supplies of sand and crushed rock. There is, however, 
available an abundance of clay and loam. First cost and maintenance 
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charges must, of course, be low for such a road. If, therefore, we assume 
commercial production of a fairly pure bitumen from the bituminous sand, 
the question of incorporating this high-grade material with clay, sand- 
clay or burnt clay mixes at once becomes of interest. Considerable work 
has been done on this problem inthe University of Alberta, and although itis 
not the writer’s intention to discuss this problem in the present paper, 
the following brief comment may be made. 

During the past fifteen years, numerous attempts have been made in 
the United States to develop a wearing surface, in which bitumen and 
carefully prepared burnt clay have been incorporated. Examples of this 
type of surface may be seen in Scranton, Pa.; Kansas City, and Independ- 
ence, Mo.; Iola, Kansas; Armourdale, Kansas; and elsewhere. In a 
majority of cases, the wearing surface has been laid on properly prepared 
macadam or on a concrete base. 


Summarizing the opinion of city engineers and other competent 
judges with whom the writer has discussed this type of surface, it appears 
that in general the results have so far not been encouraging. Under 
climatic and other conditions such as exist in the province of Alberta, it 
appears doubtful whether clay-bitumen mixes, unless on a permanent 
base, will prove successful. 


BITUMINOUS SAND FOR SIDEWALK CONSTRUCTION 


In European cities, bituminous materials have been used extensively 
for sidewalks for many years. In Paris alone, the length of such walks 
exceeds 1,800 miles. Such a type of walk is agreeable to the foot, and 
gives more secure footing than cement or granite flags. 


Sidewalks consisting largely of bituminous sand have been constructed 
to some extent in the United States, and, when properly designed, have 
given excellent results. In 1915, the writer designed a number of suitable 
mixes by combining Alberta bituminous sand with varying proportions of 
clean sand and crushed rock. During the fall of 1922, the city of Edmonton, 
Alberta, constructed approximately 960 square yards of sidewalk surfacing, 
using bituminous sand. This work was carried out under the direction of 
Mr. A. W. Haddow, city engineer, who reports that this surface has proved 
very satisfactory from the pedestrian’s viewpoint. 


RECOVERY OF HYDROCARBONS 


In 1913, the writer indicated that, in any attempt to ship crude 
bituminous sand, freight charges would handicap seriously any large 
commercial development in the McMurray district.* This view is now 
accepted generally and requires no comment. For many years prior to 
1913, however, the desirability of developing a successful process for the 
commercial recovery of the hydrocarbons associated with bituminous 
sand and bituminous limestone had been recognized in foreign countries, 
and no little study had been given to the problem. Active interest in the 


*On the basis of quantity of imported asphalts entered for consumption in Canada during the 
fiscal year 1913-14, ten acres of bituminous sand, 50 feet in thickness, would supply the paving 
requirements of the provinces of Alberta, Saskatchewan and Manitoba, for a period of approxi- 
mately 24 years. 
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matter ceased about the year 1900, owing largely to the rapidly increasing 
production of well petroleum in the United States, together with a marked 
modification in oil refinery practice. More recently, changing conditions 
have appeared to warrant further investigation of the recovery problem. 


Prior to 1900, the treatment of bituminous sand and bituminous 
limestone was directed merely toward the production of a bitumen, little 
altered from its original consistency. During more recent years, effort 
has also been directed toward the recovery of the original bitumen, either 
in the form of crude petroleum or of various petroleum fractions. 


AS SEPARATED BITUMEN 


At. present it appears that the market for solid or semi-solid bitumen 
in western Canada is limited.* This market should materially expand 
when various applications for what is admittedly a high grade bitumen 
become more widely recognized. Among such applications already 
recognized, and to some extent demonstrated, are its use as asphalt 
cement in the construction of city streets, highways, and sidewalks; as a 
binder for briquetting fuels; as a base for paints and varnishes; as an 
ingredient of roofing preparations; and as a constituent of synthetic 
mastic, which has a wide application in connection with building con- 
struction. Among the many uses to which mastic has been successfully 
applied, are the construction of various types of flooring (as in public build- 
ings, breweries, courtyards, laboratories, armouries, powder magazines and 
explosives factories, railway and freight sheds), footways, roofing, damp 
courses, foundations for high speed machinery, engine beds, and heavy 
hammers, waterproofing courses for arches of bridges and viaducts, fire- 
proofing, lining of acid-proof tanks, and compressed slabs or blocks. 

The probable commercial value of the spent sand, particularly in 
the manufacture of certain glasses, appears to be slight under present 
market conditions, and in the face of present competition. 


AS CRUDE PETROLEUM 


The production of crude petroleum** or petroleum fractions from 
bituminous sand, is a many-sided question that can merely be touched 
upon in a brief paper. The importance of such production, if commercially 
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*Statement showing quantity of undermentioned hydrocarbons entered for consumption in 
Canada at Winnipeg, Calgary, Edmonton, Regina, Saskatoon, New Westminster, and Vancouver:— 


Asphalt, Solid 


1911-12 1912-13 1913-14 1921-22 1922-23 

Valuetsetecnnh $ 139,586 276,431 127, 446 64, 506 72,197 

OMS; 55 Ubud Ae 7,857 17,814 ZONE. be ait biol ks 3,367 
Asphalt, not Solid 

1913-14 1921-22 1922-23 

WETS, chee ias Tecan ae Moone caters CAC $ 24,412 339 11, 336 


**Total quantities and value of petroleum products other than solid and semi-solid asphalts 
entered for consumption in the provinces of Manitoba, Saskatchewan, Alberta, and British Columbia. 


1921-22 1922-23 
Gals. Value Gals. Value 
168, 057, 671 $13, 111, 167 167, 705, 479 $11, 998, 088 
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feasible, requires no emphasis. Petroleum has become a fundamental 
necessity in the industrial and military life of a nation. Fuel oil is neces- 
sary for a navy, a mercantile marine, and for large industrial plants. 
Lubricating oil is essential for all machinery.. 

At present Canada depends largely on the United States for her 
supplies of petroleum products. Yet in the United States, with a production 
of crude petroleum during 1923 of 725,702,000 barrels, the public, the 
Government, and the oil companies already appreciate the gravity of the 
situation that will result when the domestic supply becomes so depleted as 
to fail to meet demands. Those that look beyond periods of temporary 
over-production, realize that the problem of furnishing sufficient oil to meet 
the inevitable and rapidly increasing demands is indeed of prime import- 
ance. 

It is evident that the production of petroleum from Alberta bituminous 
sand is a question that should be given careful consideration. Such a 
production would apparently be relatively free from certain well recog- 
nized hazards that attach to the present production of well petroleum. 
Among these may be mentioned the uncertainty of locating oil pools, the 
uncertainty respecting amortization, the fluctuating price hazard due 
largely to uncertainty of uniform production, and the danger of new 
discoveries more advantageously situated with respect to markets. 


PROCESSES FOR RECOVERY OF HYDROCARBONS 


In this short paper it is impossible to describe in detail the various 
attempts that have been made to recover the hydrocarbon content from 
bituminous sand. The writer’s investigation has included a determination 
of the relative efficiency of chemical solvents, and of various petroleum 
distillates; separation of bitumen by heated water at temperatures up to 
320° F.; separation by flotation methods, and final purification of 
partly refined bitumen, by means of filter presses and centrifuging. The 
possible use of crude bituminous sand as fuel and the value of spent sand 
as a basis for the manufacture of glass have also been considered. Dis- 
tillation of the crude bituminous sand has also been attempted, and crude 
petroleum recovered in this manner has been fractioned and the various 
fractions refined by the use of sulphuric acid and aluminium chloride. 
The results of this work are as yet inconclusive. 


In the following summarized statement reference is made to the work 
of certain companies and individuals, in connection with the development 
of processes for the recovery of hydrocarbons from bituminous sand. At 
the plant of the Uvalde Asphalt Company, Texas, bituminous limestone 
was treated. The dates given indicate the approximate period during 
which experimental work or actual production has been carried on. This 
summary furnishes an interesting comment on the interest that has been 
aroused in the above problem. 


Alcatraz Asphalt Company, Sisquoc, Cal., 1896-99. 

Bituminous sand was passed through a series of large, steel crushing 
rolls and then into large, revolving, steel, jacketted heating drums. As the 
sand became softened by heat, it was met by an inflow of petroleum dis- 
tillate (50° Bé.), and when thoroughly saturated, passed into other revolving 
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drums which acted as agitators. The bitumen in solution was then piped 
to the refinery at the sea coast, about 25 miles distant. There the solvent 
was recovered, and piped back to the separation plant, while the residual 
bitumen, 99 per cent pure, was led to storage. It is said that cost of mining 
was approximately 25 cents per ton, and that total cost of refined product 
varied from $11.30 to $14 per ton. 


The above plant was designed by Mr. A. F. L. Bell, San Francisco, 
Cal., and erected at a reported cost of $1,000,000. It represented the 
largest attempt at commercial recovery of bitumen from bituminous sand 
by the use of a solvent. The work was abandoned about 1899. 


Alcatraz Asphalt Company, Carpinteria, Cal. U.S. Patent 505416, 1891-97. 


Primary disintegration was effected by passing the bituminous sand 
through revolving, steam heated bar grizzlies, partly submerged in heated 
water. The material was then passed through a series of steam-jacketted 
tanks, filled with heated water, and equipped with simple mechanical 
devices for removing bitumen and sand tailings. It is stated that sand 
tailings were approximately 98 per cent clean, and that bitumen recovered 
was 80-85 per cent pure. Final removal of remaining water and silt was 
effected by settling. 


The above plant was designed by Mr. A. F. L. Bell of San Francisco, 
and represented a reported financial outlay of approximately $350,000. 
The capacity was approximately 108 tons of bituminous sand per 24 
hours, with a recovery of approximately 15 tons refined bitumen. This 
plant probably represents the most successful achievement in connection 
with the recovery of bitumen from bituminous sand by water separation. 


American-Canadian Oil Products Co., 530 Spreckles Building, San Diego, 
Cal., 1923. 


Early in 1923, Mr. M. J. McClave, Director, Western Research 
Laboratories, Denver, Colo., conducted a series of experiments in Denver, 
in order to demonstrate the efficiency of water flotation when 
applied to treatment of bituminous sand. A novel feature of the McClave 
process consists in introducing into the water a small percentage of benton- 
ite and sodium silicate. 


In conducting experiments, on a laboratory scale, water in which 14 
to 2% per cent bentonite had been disintegrated, was used as a solvent. 
This bentonite—sodium silicate aqueous mixture, at a temperature of 
approximately 120° F., rapidly disintegrated all fragments of bituminous 
sand, and the resulting pulp was fed into a small pug mill heated to 200° F. 
In this mill, partial separation was effected, but the greater part of the pulp 
was further treated in a small two-compartment flotation cell. From this 
cell clean spent sand was removed by an elevator, and a mastic product, 
consisting of a large percentage of water and air, approximately 20 per 
cent fine mineral aggregate, and bitumen, was recovered. 

During the summer of 1928, a sum of $12,500 was expended in con- 
struction and operation of a semi-commercial plant with a capacity of 
25 tons per 24 hours, near San Luis Obispo, Cal. This plant was operated 
for a period of 30 days. Its essential features comprised a pug mill, flota- 
tion cells, settling tank and topping still. 
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Preliminary separation was effected in the pug mill and flotation cells 
and the product then passed to a large settling tank fitted with steam coils. 
In this tank the greater part of the water settled out and was drawn off, 
thus reducing the volume of product to about 25 per cent of its original 
bulk. Heat was again applied, all remaining air and water removed, a 
large part of the mineral aggregate settled out, and the final product passed 
to a topping still. 


American Mineral Wax Co., Woodford, Okla., (about 1909). 


Mr. A. Snyder, New York City, N.Y. (Supt. E. F. Riser, Woodford, 
Okla.). Separation of bitumen from hard bituminous sandstone was 
effected in a series of 4 tanks partly filled with heated water. All tanks 
were partly jacketted and were fitted with banks of steam coils. Smaller 
banks of steam coils were installed at points provided for discharges of 
bitumen, and steam jets at core valves provided for discharge of leached 
sand. 

In the first tank partial disintegration was effected by a simple mechan- 
ical device, and complete disintegration in the second. The third and 
fourth tanks provided quiet water zones, where settling was effected. In 
the first two tanks, partly or fully leached sand was propelled by screw 
conveyers, and the separated bitumen on rising to the surface of the water 
was removed by mechanical skimmers. It is said that the capacity of this 
plant was approximately 23 tons refined bitumen per 10 hours, and that 
the plant was the most successful separation unit operated in Oklahoma. 


Armstrong, H. H., Pacific Finance Building, Los Angeles, Cal.; Can. Pats. 
561171, 647566, 650242, 1923-24. 


Ash, H. W., Cambridge, Mass.; U.S. Patents 757387, 779198, 1903-05. 


The principal features of this process include a vertical cylindrical 
metal retort above a heating furnace, together with a blower, and a con- 
denser. A number of horizontal perforated metal trays are provided in 
the retort, and on these the charge rests. Heated gases from the furnace 
pass through an annular space provided in the brickwork about the retort, 
and thence to a blower or fan. They then descend through a vertical flue 
in the centre of the retort, and rise through a perforated metal plate to the 
bituminous material undergoing distillation. 


Information available indicates that demonstration of the above 
process was not carried beyond small scale experimental work. 


Athabaska Petroleum Products, Ltd., 502 Union Trust Building, Winnipeg, 
Man., 1923. (Owners of N.S. Clark patents and processes.) 


Part disintegration of bituminous sand is effected under pressure in a 
vertical, steam-jacketted tank, where it is acted on by superheated steam 
and by hydrocarbon gases. The partly disintegrated material passes by 
controlled discharge to a series of one or more separation tanks, partly 
filled with heated water, where complete disintegration is effected by the 
action of a series of vertically arranged rotary sprays. Oil vapours are 
withdrawn through outlets in the upper part of the chamber, and liquid 
hydrocarbons at a point near water level. It is claimed that the apparatus 
is of simple construction and automatic in operation. 
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Gavin, M. J., and Bowie, C. P.; U.S. Bureau of Mines, 506 Custom House, 
San Francisco, Cal., Can. Pat. 202622, 1922. 


This process was designed primarily to overcome the difficulties 
involved in the commercial distillation of well petroleum containing a 
percentage of water, sand, and silt. It is proposed to incorporate with the 
original petroleum, additional inert material, in varying amounts up to 
60 per cent, such as coal, peat, crushed shale, sand or diatomaceous earth. 
The resulting mixture is then placed on the hearth of a specially designed 
distillation chamber, where it is gradually impelled by means of rabbling 
blades, and under gradually increasing temperatures, to a discharge near 
the outer periphery of the hearth. Oil vapours are removed and condensed, 
while spent sand or other inert material is discharged continuously through 
sealed ‘‘gophers.” 


In 1922 an experimental retort was erected in San Francisco, by 
Messrs. Gavin and Bowie, of the U. S. Bureau of Mines, and between 
May 25 and July 29, a number of trial runs were conducted. The results 
obtained were encouraging but, in some respects, inconclusive. Probable 
costs of commercial operation cannot be deduced from data available at 
the present time. 


The retort referred to above is the property of the U.S. Bureau of 
Mines, and at the present time (May, 1924) is available for experimental 
work in connection with distillation of bituminous sand. 


California Oil Mining Corporation, Baltimore, Md., 1923. 


In 1923 the above corporation undertook the erection of a commercial 
unit near San Luis Obispo, Cal., designed for the recovery of hydrocarbons 
from bituminous sand. The capacity of the plant is estimated at 500 tons 
per 24 hours. 


Crude bituminous sand is fed into a disintegrator and equipped with 
two heavy screw conveyers, 18 inches in diameter, partly filled with hot 
water and a small percentage of petroleum distillate. Pulp from the 
disintegrator passes to a Cottrell vibrating screen, to remove pebbles and 
oversize lumps, and is then discharged into a second mixer where further 
distillate is added and complete disintegration is effected. The pulp is 
then passed through K. and K. flotation cells, and 60 per cent of the sand 
content is dropped. The concentrate containing about 40 per cent sand, 
is passed to a heating tank, then to an agitation tank, then to a specially 
designed horizontal retort, and finally to a Southwestern Engineering 
‘Company condenser, where desired cuts are made. 


It is said that the plant referred to above represents an investment of 
upwards of $75,000. In November, 1923, construction was nearing com- 
pletion, but actual operation has not commenced. 


Clark, K. A., University of Alberta, Edmonton, Alberta, 1922-24.* 


Following a comprehensive preliminary investigation on a laboratory 
‘scale, a semi-commercial plant was installed at the University of Alberta 
in the spring of 1923. It is stated that approximately 85 tons of bituminous 
sand was successfully treated by this plant. 


*The Press Bulletin, Department of Extension, University of Alberta, No. 11, Vol. IX, May 
924. Third Annual Report of the Scientific and Industrial Research Couneil of Alberta 1922 
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Bituminous sand is first treated with heated water, containing a small 
percentage of silicate of soda. The pulp then passes through a series of 
mixing boxes and separation boxes, the latter providing quiet water zones 
where separation of sand and bitumen is effected. Partly refined bitumen 
overflows and is collected, while sand tailings are removed by a simple 
mechanical device. A complete statement dealing with the above in- 
vestigation is being prepared by Dr. K. A. Clark. 


Continental Asphalt Co., Ardmore, Okla., 1910. 


About 1910 a small separation plant was erected at a point near Ard- 
more at a cost of approximately $25,000. Separation was effected by means 
‘of heated water, the bituminous sand being passed through a series of 
tanks providing agitation and quiet water zones. It appears that results 
were discouraging and the work was soon abandoned. 


Coogan, Jesse; Jesse Coogan Engineering Company, Salt Lake City, 
Utah, Canadian Patent 207590, 1922-23. 


The Coogan process for recovery of hydrocarbons associated with 
bituminous sands, embodies two stages of treatment. During the first 
stage, petroleum distillate is mixed with the crude bituminous sand. This 
softens the material, and to some extent breaks down the bond between 
mineral aggregate and associated bitumen. 

As a second stage the partly digested product passes to a receptacle 
filled with heated water, and is there propelled through a specially designed 
inclined perforated cylinder. Mechanical devices are provided for dis- 
charging spent sand, and for removing liberated bitumen and oil from the 
surface of the water. 


Cook, W. H., New Orleans, La.; U.S. Patent 652594, 1900. 


This process is designed for the treatment of fluid or non-fluid sub- 
stances, by centrifuging in a horizontal rotating cylinder. A filtering 
medium is provided, as well as mechanical devices for introducing fresh 
material and for removing waste. 


Cooper, if D1) rit Francisco, Cal.; U.S. Patents 507885 (1893) and 617226 
1899). 

Bituminous sand is disintegrated at low temperatures, in a mechanic- 
ally agitated drum, from which it is discharged into a second heated drum 
where it is thoroughly mixed with crude petroleum. This mixture is 
discharged into a third tank, where it is heated with a solvent (light 
petroleum distillate). The product from this tank, consisting of bitumen, 
crude petroleum and solvent, flows to a settling tank and thence to a 
distillation chamber. Here the lighter fractions are removed while the 
heavy bitumen is drawn off. 


Downard, Jas. S., Dallas, Texas, 1903. 


A small hot water separation plant was erected about 1903 near Ard- 
more, Okla., with a capacity of 43 tons refined bitumen per 10 hours. 
Treatment by agitators and in settling tanks of 11 per cent bitumen sand- 
stone produced a bitumen 80 per cent pure at a cost of approximately 
$15 per ton. 
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Diver Extraction Process. 


During 1920, an attempt was made at Fort McMurray to distill, 
in situ, the bitumen associated with the bituminous sand. A bore was 
sunk to the top of the bituminous sand stratum and cased. The bore was 
then continued, with a somewhat decreased diameter, into the bituminous 
sand itself. At the bottom of the bore a fireclay heater was provided. 
Gas was led from the surface, and ignited within the fireclay heater. Heat 
thus developed caused a limited volatilization of bitumen in the immediate 
vicinity, and oil vapours thus generated were led to a condenser at the 
surface. This effort appears to be of historical rather than of commercial 
interest. 


Draper Manufacturing Co., Petrolia, Ont.; Canadian Patent 230423, 
1922-23. 


This process is designed for distillation of bituminous sand, with 
recovery of liquid, semi-solid or solid hydrocarbons. Distillation is effected 
In a revolving horizontal cylindrical drum, mounted on trunnions and 
heated from below. The drum is provided with openings for charging and 
discharging, and with agitating devices to prevent coking on the inner 
surface. Oil vapours are withdrawn to a condenser through a hollow 
trunnion. A small unit was installed by the Draper Manufacturing Com- 
pany in 1922 near Waterways, Alberta, and operated intermittently 
during 1922 and 1923. 


Dutcher, C. E., 3919 California St., San Diego, Cal. 


In 1921, Mr. C. E. Dutcher erected on Hangingstone creek, near 
McMurray, a small rectangular distillation retort. The outer shell con- 
sisted of a rectangular metal box, provided with a firebox, stack and 
heavy hinged door. An inner, and somewhat smaller rectangular metal 
box constituted the actual distillation chamber, and was provided with 
an offtake for oil vapours. Charges of bituminous sand were trammed 
on small metal trucks into the distillation chamber, and combustion gases 
from the firebox, circulating through the space between inner and outer 
shells, developed a temperature sufficient to cause distillation of bitumen 
associated with the sand. 


This retort is of historical rather than commercial importance, since 
it represents the first attempt at distillation of bituminous sand in the 
McMurray district. 


Fenton, J. T., P.O. Box 34, Salt Lake City, Utah. Canadian Patent 
212908; U.S. Patents 13894481, 1396173, 1396174, 1409388, 
1424998, 1482170, 1920-23. 


The Fenton process was designed primarily for distillation of coals. 
The inventor considers that, with certain modifications, it can be adapted 
to the distillation of oil shales and bituminous sand. 

The apparatus consists of a vertical, cylindrical retorting chamber, 
provided with suitable charging and discharging devices. The oil vapour 
line is designed as an expansion zone condenser system, equipped with 
float controlled choke valve outlet traps, and leads to water cooled con- 
denser. Expansion stages may be modified as desired. 
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Distillation is effected through the medium of steam, superheated to 
750° to 800° F., and under 10 to 20 pounds pressure. Distillation products 
are removed from the retort immediately they are formed, and formation 
of heavy hydrocarbons is prevented. 


Operation of retorts is intermittent. Heat recovery is effected by 
arranging retorts in units of three. Normal steam is passed through a 
retort in which distillation has just been completed, and thence to pre- 
heat material in a newly charged retort. 


A very complete experimental unit, designed primarily for the dis- 
tillation of coals, and having a charged capacity of one ton per charge has 
been erected in Salt Lake City. It is said that the sum of approximately 
$12,000 has been expended in developing and demonstrating the Fenton 
process. 


Ferromastic Mining Company, Woodford, Okla., 1911-138. 


Hard bituminous sandstone, carrying 10-12 per cent bitumen, was 
treated in a series of four jacketted tanks, filled with heated water at a 
temperature of approximately 212° F. In the first tank agitation and 
disintegration was effected, separation being completed subsequently in 
quiet water zones. Mechanical devices for removing bitumen and sand 
tailings were provided. The nominal capacity of the plant was 33 tons 
refined bitumen per 10 hours. Wages costs ranged from $1.75 to $2 per 10- 
hour day, and the cost of producing refined bitumen, 97 per cent pure, was 
from $11.50 to $14 per ton. 


Frasch, H. A. (Uvalde Asphalt Co., Cline, Texas). U.S. Patent 581546, 
1892-96. 


In 1898 the Litho-Carbon Company undertook to develop a process 
for the treatment of bituminous limestone carrying 12-15 per cent bitumen, 
near Cline, the plant and property being later acquired by the Uvalde 
Asphalt Company. In a plant designed by the late Mr. H. A. Frasch, 
separation of bitumen was effected by means of naphtha circulating through 
a series of steam jacketted tanks, 14 to 16 feet high, and 6 feet in diameter. 
Condensed solvent vapours were circulated continuously through the 
system, the bitumen being recovered as a residuum from the solvent- 
bitumen solution. It is said that the capacity of 16 tanks was 100 tons of 
rock per 24 hours, and that the working force at the plant consisted of 8 
men. The loss of solvent was less than 2 per cent, while the cost of refined 
bitumen produced was $14.50 per ton. Operations at Cline were dis- 
continued prior to 1900. 


Fyleman, Ernest, Ph. D., 103 Cannon St., London, E.C. 4, England. (Eng. 
Pat. 163519; Can. Pat. 208676). 


The principle involved consists in washing the sand with a cold, dilute 
aqueous solution of low surface tension. ‘‘A solution which froths readily, 
such as an alkali soap, of the alkali salt of a weak organic acid, or of 
saponin. Any of these solutions actually effects the desired result; in the 
case of a liquid mineral oil, the change takes place in the cold; where a 
semi-solid bitumen is present, it is necessary to render it sufficiently fluid 
either by warming or by adding a small quantity of a solvent such as 
petroleum oil.” 
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In a contribution to the Society of Chemical Industry, Jan. 31, 1922, 
Vol. XLI, No. 2, pp. 14T-16T, Dr. Fyleman outlines the theory and 
estimated cost of treatment. 


Georgeson Extraction Process, Calgary, Alberta, 1923-24. 


The Georgeson Process depends on introducing steam or heated water 
through pipes and separating, in situ, hydrocarbons associated with the 
bituminous sand. 


In 1923 and 1924 boiler and other necessary equipment were installed 
on Hangingstone river and on Horse river (tp. 89, range 9, W. of 4th), 
near McMurray, Alberta. It is stated by those in charge of the above 
work that results of the preliminary tests were satisfactory. The method 
used appears to be a modification of the Frasch Sulphur Process which has 
been successfully applied in Texas, U.S.A. 


Ginet, J. H., 720 Symes Building, Denver, Colorado; Canadian Patent 
222951,'"'1923! 


A single commercial unit of a Ginet retort, consists essentially of a 
horizontal metal cylinder, 3 feet in diameter and 20 feet in length. A 
series of ‘‘scoops,”’ attached by arms to a shaft passing through the retort, 
agitate the charged material and propel it to a point of discharge. The 
heating furnace is of special design. 


It is claimed that distillation conditions within the retort are favour- 
able to high recovery of hydrocarbons, and that flexibility of operation 
and adjustment permit of distillation of various types of oil shales and 
oil sands. 


In 1923, a single Ginet unit of commercial size was erected near De 
Beque, Colorado. 


Hartley, Carney, 720 Colorado Building, Denver, Col., 1919-22. 


During 1919, Mr. Carney Hartley and associates erected in Rio 
Blanco Co., Colo., a small retorting unit designed for the recovery of 
hydrocarbons from oil shales and bituminous sand. Owing to difficulties 
in connection with titles to mineral leases, and to other causes, this work 
was discontinued, and a second plant erected in Routt county, Colo. 
The first trial run was made on December 1, 1919, and the plant was 
further perfected during 1920-21. Pending completion of further experi- 
mental work, the probable commercial value of the process cannot be 
definitely asserted. 


Distillation is effected in an enclosed vertical metal tube, 24 inches 
in diameter, which is equipped with a rotating conveyer device for regulat- 
ing movement of charge through retort. Oil vapours are removed to con- 
densers through multiple offtake pipes. It is claimed that advantages of 
the system are heating efficiency, simplicity of construction, and a mini- 
mum of working parts. 


It is stated that experimental work has represented an expenditure of 
approximately $45,000. 


32 


Leonard, Geo. I., 1232 Marquette Building, Chicago, IIl., 1921. 


Lindsay, Major General W. B., 9 Bank of Montreal, 64 Wall St., New York 
Citys Ney. 


The process is based upon the direct application of a heating medium 
to the substance to be treated, and the selective fractional condensation of 
the resultant vapours. It is a continuous process, and automatic in its 
action. 


In connection with the investigation of the above process, it is stated 
that research and experimental work have involved an expenditure of 
more than $400,000. It is considered by those in charge of the investiga- 
tion, that the process is technically a success, and that the perfection of 
mechanical apparatus will permit of its commercial application. 


Navin, Frank, Salt Lake City, Utah. Patent 197465. 1922-23. 


After preliminary crushing, bituminous sand passes to a rotary mixer 
where it is acted on by some solvent,—such as a petroleum distillate,—and 
water at atmosphere temperature. It is claimed that the action of the 
rotary mixer results in a thorough commingling of the bitumen, solvent 
and water. The contents of the rotary mixer then pass to asettling chamber, 
where mineral matter and liquids settle according to their specific gravities. 
So far as the writer is aware, the demonstration of the process has not 
progressed beyond small scale laboratory work. 


Parker, J. E., Denver, Colo., 1922-23. 


In 1922 a small unit was constructed in Denver, Colo., in order to 
demonstrate the operation of the Parker process. It is said that the 
experimental work represented an outlay of upwards of $50,000. 


The process is mechanical, and consists of agitation of bituminous 
sand in heated water. Mechanical means are provided for removing spent 
sand and separated oils or bitumen. 


The apparatus consists of a circular steam-jacketted tank, 12 feet in 
diameter and 6 feet deep, with a centrally arranged annular compartment 
3 feet in diameter and 6 feet deep. The tank is mounted on rollers and 
revolves at the rate of 30 to 60 r. p.m. A series of specially designed 
centrifugal agitators (mounted on a stationary frame) is provided in one 
quadrant of the tank. As the tank revolves, the disintegrated sand passes 
through a quiet water zone where it is removed by bucket elevator. Liber- 
ated bitumen is skimmed from the surface of the water and passes to 
dehydrator and storage. 


The writer is advised that, owing to mechanical difficulties, the above 
process has been abandoned. 


Philippi, J., New York City, N.Y.; U.S. Patent 655,416, 1900. 


Bituminous sand is mechanically disintegrated in heated water. 
Diener are provided for removing the separated bitumen and the sand 
tailings. 
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Price, S. R. and Cook, C. L., San Francisco, Cal., U.S. Patent 1190633, 
Canadian Patent 194319, 1914-16. 


During the period 1914-16, Mr. J. R. Price, of the City Street Improve- 
ment Company, San Francisco, Cal., and Mr. C. L. Cook, Chief Chemist, 
of the District of San Francisco, erected a small experimental unit at 
Oakland, Cal. Bituminous sand was subjected to the action of water, 
heated under pressure to temperatures ranging from 220° F.-312° F. In 
1916, 400 pounds of Alberta bituminous sand was passed through the 
plant. The product obtained had a purity of 94 per cent, and represented 
78-7 per cent of total bitumen contained in original crude sand. It was 
considered that with certain modifications, much better results might have 
been secured, but the investigation was discontinued in September, 1916. 


Pritchard, T. W., New York City, N.Y. 


The research model designed for demonstration purposes consists 
essentially of an externally heated vertical, jacketted metal retort, having 
a charged capacity of approximately 15 pounds bituminous sand; a con- 
denser; a centrifugal pump or blower, and a gas holder. A wire basket, 
of a somewhat smaller diameter than the retort, is provided as a container 
for the charge of bituminous sand. 


In operation, gases from distillation of BIRLA sand are forced by 
the blower through the retort and condenser. A part of the gases which 
are not condensed are returned through the pump to the retort. Excess 
gas passes to the gasometer, which serves as an equalizer. 


Demonstrations of the research model referred to above were made 
at Ottawa and at Toronto in February, 1924. 


Oil Exploitation Corporation, 100 Broadway, New York City, N.Y. 


In 1922 the above corporation erected a demonstration plant near 
Taber, Cal., with a capacity of approximately 50 tons bituminous sand per 
24 hours. Crude bituminous sand entered a steel tank, equipped with a 
heavily constructed cutting and mixing flight conveyer. Superheated 
steam at 700° F. was introduced and accelerated the rate of disintegration, 


The disintegrated pulp flowed freely to a series of hot water flotation 
cells, where part separation was effected. The partly separated product 
then passed through a second set of similar cells for final treatment, while 
the partly leached sand tailings were dewatered by a drag belt, and passed 
through a settling compartment. The sand tailings, as finally removed, 
were free from bitumen. 


The above plant was not in operation at the time of the writer’s visit 
in November, 1923, but it is claimed by those in charge, that a bitumen, 99 
per cent pure was produced. Mr. James McEvoy, of Toronto, Ont., 
reported on the process in December, 1922. 


Simpson, Louis, 172 O’Connor St., Ottawa, Canada. Canadian Patent 
Nos. 234961, 235114, 1928. 


Separation of bitumen from bituminous sand or other similar material, 
is effected by maceration in heated water. It is claimed that the apparatus, 
as designed, is efficient and that labour and other operating costs would 
be low. 
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Snyder Asphalt Co., Ardmore, Okla., 1906-08. 


This company erected a small separation plant near Ardmore, Okla., 
about 1912. Material treated consisted of a rather hard bituminous sand- 
stone carrying from 10 to 12 per cent bitumen. The rock was disintegrated 
and partial separation effected in a series of tanks filled with heated water. 
Actual operations were discontinued prior to 1913. 


Smith, Emery E., 651 Howard St., San Francisco, Cal., 1923-24. 


As a result of a very extensive investigation undertaken by Mr. Smith 
on behalf of a local syndicate, it is proposed to recover, as liquid hydro- 
carbons, a portion of the bitumen associated with bituminous sand. The 
residue would be utilized as paving material—notably in the manufacture 
of paving blocks of various dimensions. It is stated that upwards of 
$60,000 has been expended in connection with the investigation. 


Southern Asphalt Co., Ardmore, Okla., 1906. 


This Company operated a small hot water separation plant near 
Woodford, Okla., about 1906. Operations ceased many years ago. 


Trumble, M. J. (Trumble Coal and Oil Shale Company), 1011 South 
Fremont Ave., Alhambra, Cal. Canadian Patent 235611, 236455, 
237127, 237128, 237773. 


The process comprises two essential features, namely, a series of dis- 
integration tanks in which bituminous sand is acted on by a solvent (a 
petroleum distillate), and a tube furnace, in which the solvent together with 
bitumen leached from the bituminous sand is distilled. 


Sand tailings from the disintegration tanks pass toward point of 
discharge through jacketted conveyers, and over banks of pipes carrying 
heated oil vapours. In this manner the solvent associated with sand 
tailings is distilled and recovered. The heated sand tailings then pass 
through a jacketted conveyer where their heat is transmitted to the solvent- 
bitumen mixture flowing toward the tube furnace. Fractions are removed 
as soon as they are formed. 

It is claimed that complete heat recovery is a feature of the process. 
Gasoline and lubricating oils are the principal products, but other fractions 
can be made as required as well as residuum of any penetration. 


Tait, Jas. D., 1125 11th Ave., W., Vancouver, B.C., Canadian Patent 
237770. 


This process consists in separation of bitumen from bituminous sand 
following disintegration in heated water. Bitumen and accompanying 
sand are floated to surface of water by means of a controlled current. 
The sand settles out and the film of bitumen is carried away by the current. 
It is claimed that bitumen with a specific gravity greater than 1-0, may be 
separated as readily as bitumen of lower gravity. Simple mechanical 
devices control feed of bituminous sand and circulation of heated water. 
So far as the writer is aware, this process has not been demonstrated on a 
scale sufficiently large to indicate its commercial possibilities. 
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Turner, C. Irlam, Manchester, England. Canadian Patent 194425. 


This process was primarily designed for distillation of oil shales. The 
inventor considers, however, that it is also well adapted to the distillation 
of bituminous sands. 


The plant consists of a superheater capable of, delivering an adequate 
amount of superheated low pressure steam to the bottom of a vertical 
metal retort. The retort is provided with mechanical means for charging 
and discharging, and is continuous in action. An automatically controlled 
gas offtake valve.is provided. The offtake valve being shut, the steam is 
forced upward and through the descending charge, which is heated gradu- 
ally by it, under continuously increasing pressure to a temperature which 
varies throughout the retort, being lowest at the top and highest at the 
bottom. Increase in pressure raises the temperature, and at the same 
time tends to retard emission of vapours. When pressure has reached the 
desired maximum, the offtake valve automatically opens, pressure through- 
out the retort is at once reduced and is followed by an immediate drop in 
temperature throughout the retort, owing to escape of the steam and 
vapours to the condenser. Reduction of pressure permits of the formation: 
and release of volatiles from all material possessing of the temperature 
necessary to bring about destructive distillation. 


Tar Springs Refining Company, Tar Springs, Okla., 1902-03. 


In 1902-03, a plant was erected for treatment by means of heated 
water, of soft bituminous sand carrying from 30-45 per cent bitumen. 
The crude sand was passed progressively through disintegrators, separators, 
accumulators and reducers. ‘The separators were, in reality, spitzlutten 
provided with steam pipes, revolving screens, and devices for continuous 
discharge of sand tailings and of bitumen. In the accumulators, which 
were heated by steam coils, practically all water and a large part of the 
lighter oils were driven off. The asphalt remaining passed to the “‘re- 
ducers,’’ where application of direct heat reduced the penetration to the 
point desired. It is said that production costs of asphalt varied from $12 
to $15 per ton. In 1903, the Tar Springs plant was destroyed by fire 
caused by ignition of uncontrolled petroleum vapours. 


Wurtz, H., Newark, N.J. U.S. Patent 821323., 1906. 


The apparatus referred to in this patent consists essentially of heating 
furnace, distillation chamber and condenser. The distillation chamber or 
retort is provided with a series of trays on which the bituminous sand or 
Other material is placed; while being charged, it is removed from its 
position within the furnace. The action is thus intermittent. 
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